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© The semiconductor chip module comprises a 
substrate (1) on which a wiring portion is formed, a 
semiconductor chip (6) mounted so as to face a 
circuit side down to the wiring portion, a heat sink (3) 
with one end in contact with a side opposite to the 
circuit side of the semiconductor chip (6), and a cap 
(4) enclosing the semiconductor chip and having an 
opening (4a) exposing externally the other end of the 

Fi«.2 



heat sink (3). A metal film (m) is formed at least on 
the inner wall of the opening (4a) and on the surface 
of the heat sink (3) which is inserted into the cap (4). 
An adhesive material (s) is filled between the tip 
portion of the heat sink (3) and the semiconductor 
chip (6), as well as in the gap between the inner wall 
of the opening of said cap (4) and said heat sink (3). 

Fig. 3A 
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Background of the Invention 



(Held of the Invention) 

The present invention relates to a semiconduc- 
tor chip module (multi-chip module and single chip 
module) applicable for the fields of computers and 
communications the like where high speed signal 
processing is required, and to a method of manu- 
facturing the same. 

(Related Background Art) 

With the increasing demand for large-scale 
function and high speed operation of electronic 
devices, logic LSIs have achieved high speed op- 
eration, with a delay time per gate of several hun- 
dreds picosecond. However, the conventional as- 
sembling structure which mounts a large number of 
dual-in packages (DIPs) or plug-in packages on a 
printed circuit board has become difficult to bring 
out performance of high speed LSIs sufficiently. In 
order to overcome such a problem, a multi-chip 
module system has been developed and put into 
practical use, which mounts large number of chips 
on a single ceramic substrate and can provide high 
speed performance with high density assembling- 
(refer to "LSI HANDBOOK", the first edition, pp. 
415-416, The Institute of Electronics and Commu- 
nication Engineers of Japan, 1984). 

A prior art structure which dissipates heat to a 
cooling plate by contacting a piston on a semicon- 
ductor chip by means of a spring has been well- 
known (refer to "Materials/Processing Approaches 
to Phase Stabilization of Thermally Conductive 
Pastes" pp. 713-717, IEEE TRANSACTIONS OF 
COMPONENTS, HYBRIDS, AND MANUFACTUR- 
ING TECHNOLOGY, Vol. 13, No. 4, December 
1990). 

However, a semiconductor chip module em- 
ploying a piston has a disadvantage of having a 
large number of components and the cost being 
extremely high. 

Summary of the Invention 

An object of the present invention is to provide 
a semiconductor chip module and a method of 
making the same, with a small number of compo- 
nents together with excellent heat dissipation de- 
sign. 

In order to achieve the above object, a semi- 
conductor chip module according to the present 
invention is characterized by comprising a sub- 
strate on which a wiring portion is formed; a semi- 
conductor chip mounted so as to face a circuit side 
down to the wiring portion; a heat sink of which one 
end is contacted to a side opposite to the circuit 



side of the semiconductor chip; and a cap which 
has an opening for exposing the other end of the 
heat sink, the cap enclosing the semiconductor 
chip. Metal films are formed at least on an inner 
5 wall of the opening and on a surface of the heat 
sink which is inserted into the cap. An adhesive 
material is filled between the tip portion of the heat 
sink and the semiconductor chip while an adhesive 
material is filled between the metal films. 

io And a method of manufacturing the above 
mentioned semiconductor chip module comprises 
the steps of: preparing a substrate mounting a 
semiconductor chip thereon, a cap where a metal 
film is formed previously on the inner wall of said 

15 opening, and a heat sink where a metal film is 
formed previously on one end thereof; fixing the 
cap on the substrate; inserting one end of the heat 
sink into the opening of the cap and then contact- 
ing the one end of the heat sink to the semicon- 

20 ductor chip; and embedding an adhesive material 
between the tip portion of the heat sink and the 
semiconductor chip by injecting an adhesive ma- 
terial between the metal films while the one end of 
the heat sink is contacted with the semiconductor 

25 chip, to fix the heat sink to the cap, whereby the 
cap is hermetically sealed. 

Further, a semiconductor chip module accord- 
ing to the present invention is characterized by 
comprising a substrate on which a wiring portion is 

30 formed; a semiconductor chip mounted so as to 
face the circuit side down to the wiring portion; a 
heat sink of which one end is contacted to the side 
opposite to the circuit side of the semiconductor 
chip; and a cap having an opening for exposing the 

35 other end of the heat sink, the cap enclosing the 
semiconductor chip. Metal films are formed at least 
on the inner wall of the opening and on the surface 
of the heat sink facing the inner wall of the cap. A 
resin material of high thermal conductivity such as 

40 thermal compound is filled between the tip portion 
of the heat sink and the semiconductor chip. 

And a method of manufacturing the above 
mentioned semiconductor chip module comprises 
the steps of: preparing a substrate mounting a 

45 semiconductor chip thereon, a cap where a metal 
film is formed previously on the inner wall of the 
opening, and a heat sink where a metal film is 
formed previously on the surface of the heat sink 
facing the inner wall; fixing the cap on the sub- 
so strate; pouring a resin material of high thermal 
conductivity such as a thermal compound into the 
opening of the cap to coat the resin material on the 
semiconductor chip; inserting the one end of the 
heat sink into the opening of the cap and then 

55 contacting the one end of the heat sink to the 
semiconductor chip; and embedding an adhesive 
material between the metal films to fix the heat sink 
on the cap, while the one end of the heat sink is 
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contacted with the semiconductor chip, whereby 
the cap is hermetically sealed. 

According to the semiconductor chip module of 
the present invention, the heat sink is fixed se- 
curely on the inner wall of the cap opening. The 
heat which is generated from a specific semicon- 
ductor chip producing a relatively large amount of 
heat is transmitted effectively toward one end of 
the heat sink by way of an adhesive material or a 
thermal compound and the heat is transmitted from 
one end of the heat sink to the other end (lower 
temperature side) thereof. By this heat conduction, 
the heat is conducted outside the cap and dis- 
sipated outside the cap. 

According to the method of manufacturing a 
semiconductor chip module of the present inven- 
tion, when one end of the heat sink is inserted into 
the opening of the cap, it is pressed against the 
semiconductor chip, for example, by its own 
weight. Since either an adhesive material or a resin 
material of high thermal conductivity is filled be- 
tween the tip portion of the heat sink and the 
semiconductor chip, the heat transfer area be- 
comes large. Under such condition, the adhesive 
material is filled into the opening of the cap to fix 
the heat sink. The adhesive material is filled be- 
tween the inner wall of the cap and the heat sink 
without any void therein to shut off air passage 
flowing in and out. 

In order to achieve the above object, the semi- 
conductor chip module according to the present 
invention is constituted of a substrate on which a 
wiring portion is formed; a semiconductor chip 
mounted so as to face the circuit side thereof down 
to the wiring portion; a heat sink of which one end 
is contacted to the side opposite to the circuit side 
of the semiconductor chip; and a cap which has an 
opening for exposing the other end of the heat 
sink, and encloses the semiconductor chip. A 
groove is formed so as to surround the area con- 
tacting with the heat sink in the semiconductor 
chip. Metal films are formed at least on the inner 
wall of the opening and on the surface of the heat 
sink which is inserted into the cap. An adhesive 
material is filled between the metal films, while an 
adhesive material is filled between the tip portion of 
said heat sink and the semiconductor chip. 

Furthermore, a method of manufacturing the 
above mentioned semiconductor chip module, 
comprises the steps of: preparing a substrate 
mounting a semiconductor chip having a groove 
therein, a cap which has a metal film formed pre- 
viously on the inner wall of an opening, and a heat 
sink which has a metal film formed previously on 
one end thereof; fixing the cap on the substrate; 
inserting the one end of the heat sink into the 
opening of the cap for contacting the one end of 
the heat sink to the semiconductor chip; and em- 



bedding an adhesive material between the tip por- 
tion of the heat sink and said semiconductor chip 
by injecting an adhesive material between said 
metal films to fix the heat sink to the cap while the 
5 one end of the heat sink is contacted to the semi- 
conductor chip, whereby the cap is hermetically 
sealed. 

According to the semiconductor chip module of 
the present invention, the heat sink is fixed se- 

70 curely to the inner wall of the cap opening. The 
heat generated from the specific semiconductor 
chip which provides a relatively large amount of 
heat is transmitted effectively toward one end of 
the heat sink by way of the adhesive material or a 

w thermal compound. And the heat is transmitted 
from the one end to the other end of a heat sink- 
(lower temperature side). By this heat conduction, 
the heat is conducted outside the cap, and is 
dissipated outside the cap. 

20 According to the method of manufacturing a 
semiconductor chip module of the present inven- 
tion, when one end of the heat sink is inserted into 
the opening of the cap, it is pressed against the 
semiconductor chip, for example, by its own 

25 weight. Since an adhesive material is filled between 
the tip portion of the heat sink and the semicon- 
ductor chip, the heat transfer area becomes large. 
Under such a condition, an adhesive material is 
filled into the opening of the cap to fix the heat 

30 sink. The heat sink fixing adhesive material is filled 
between the inner wall of the cap and the heat sink 
without any void therein to shut off passage of air 
flowing in and out. Furthermore, when the adhesive 
material is injected into the opening of the cap, the 

35 excessive adhesive material is absorbed into the 
groove formed in the semiconductor chip, whereby 
the adhesive material does not drop off from the 
semiconductor chip. 

In order to achieve the object, the semiconduc- 

40 tor chip module according to the present invention 
is constituted by comprising a substrate on which a 
wiring portion is formed; a semiconductor chip 
mounted so as to face a circuit side down to the 
wiring portion; a heat sink with one end thereof in 

45 contact with the opposite side to the circuit side of 
the semiconductor chip; and a cap which has an 
opening for exposing the other end of the heat 
sink, the cap enclosing the semiconductor chip, 
characterized in that the substrate has an insulating 

50 film which is formed at a predetermined area posi- 
tioned in the vicinity of the peripheral portion of the 
semiconductor chip, metal films are formed at least 
on an inner wall of the opening and on a surface of 
the heat sink to be inserted into the interior of the 

55 cap, an adhesive material is filled between the 
metal films, and the adhesive material is filled 
between the tip portion of the heat sink and said 
semiconductor chip. 
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According to the semiconductor chip module of 
the present invention, the heat sink is firmly fixed 
to the inner wall of the opening of the cap, the heat 
generated from the semiconductor chip which pro- 
vides relatively much exothermic heat is efficiently 
transmitted to one end portion of the heat sink 
through the adhesive material. And the heat is 
transmitted from the one end to the other end of 
the heat sink(lower temperature portion). By this 
heat conduction, the heat is conducted to the out- 
side of the cap, and is dissipated outside the cap. 
In addition, the overflowed adhesive material falls 
onto the insulating film, so that it does not contact 
with the wiring portion of the substrate. 

The present invention will become more fully 
understood from the detailed description given 
hereinbelow and the accompanying drawings which 
are given by way of illustration only, and thus are 
not to be considered as limiting the present inven- 
tion. 

Further scope of applicability of the present 
invention will become apparent from the detailed 
description given hereinafter. However, it should be 
understood that the detailed description and spe- 
cific examples, while indicating preferred embodi- 
ments of the invention, are given by way of illustra- 
tion only, since various changes and modifications 
within the spirit and scope of the invention will 
become apparent to those skilled in the art form 
this detailed description. 

Brief Description of the Drawings 

Fig. 1 is a perspective view showing the appear- 
ance of a multi-chip module according to the 
invention, 

Fig. 2 is a longitudinal cross sectional view 
cutting along the heat sink of a multi-chip mod- 
ule according to the invention, 
Figs. 3 A and 3B are cross sectional views show- 
ing an example of the mounting structure of a 
heat sink capable of being used for the multi- 
chip module of the first embodiment, 
Figs. 4A and 4B are cross sectional views show- 
ing an example of the mounting structure of a 
heat sink capable of being used for the multi- 
chip module of the second embodiment, 
Figs. 5A, 5B, 6A, 6B, 7A, 7B, 8A, 8B, 9A and 9B 
are cross sectional views showing an example of 
the mounting structure of a heat sink capable of 
being used for the multi-chip module of the third 
embodiment, 

Figs. 10A, 10B, 11A and 11B are cross sectional 
views showing an example of the mounting 
structure of a heat sink capable of being used 
for the multi-chip module of the fourth embodi- 
ment 

Figs. 12A and 12B are cross sectional views 



showing an example of the mounting structure 
of a heat sink capable of being used for the 
multi-chip module of the fifth embodiment. 

5 Description of the Preferred Embodiment 

Firstly, the fundamental structure of the semi- 
conductor chip module according to the invention 
is explained with reference to Figs. 1 and 2. 

10 A multi-chip module according to the present 

embodiment includes a lower substrate 1, an upper 
substrate 2, a heat sink 3, and a cap 4. The lower 
substrate 1 is made of an aluminum oxide material, 
and has plural lead pins 7 extending from the side 

15 surfaces thereof, the lead pins being connected to 
electric circuits formed with the upper substrate 2. 
The upper substrate 2 is made of an insulating 
material of low dielectric constant. For example, a 
polyimide multi-layered wiring structure having 3 

20 inches square size, a thermal resistance of 3 * C/W 
with a thermal via may be used (refer to "Copper 
Polyimide Multi-layered Wiring Boards", HYBRIDS, 
Vol. 7, No. 1. pp. 10-12). 

The lower substrate 1 is formed of a plate 

25 larger than the upper substrate 2, and the upper 
substrate 2 is piled securely on the upper surface 
thereof. The fringe of the cap 4 covers the upper 
surface of the lower substrate 1 which is not cov- 
ered by the upper substrate 2. For that reason, the 

aa upper substrate 2 is enclosed with the cap 4 and 
the lower substrate 1. 

The upper substrate 2 has electrodes exposed 
on the surface thereof and semiconductor chips 5 
and 6 connected to the electrodes is mounted 

35 thereon. The semiconductor chips 5 and 6 are 
made of, for example, an I C chip of 10 mm square, 
and are connected to the electrodes formed on the 
surface of the upper substrate 2 by using a wire 
bonding method or a face-down bonding method 

40 (flip chip bonding method). In Figs. 1 and 2, the 
semiconductor chip 5 indicates an IC chip mounted 
with a wire bonding method and the semiconductor 
chip 6 indicates an IC chip mounted by a face- 
down bonding method. Therefore, the circuit side 

45 of the semiconductor chip 5 faces the cap 4, and 
the circuit side of the semiconductor chip 6 faces 
the upper substrate 2. 

The cap 4, for example, is formed of 1 mm 
thick Kovar in a shape of a lid. An opening 4a with 

so an inner diameter of 6 to 8 millimeter is formed in 
the cap 4 at the position corresponding to the 
mounting position of the semiconductor chip 6 
which produces a relatively large amount of heat. 
One end of the heat sink 3 is inserted into the 

55 opening 4a. Usually, the opening 4a has the same 
diameter at the inlet and outlet thereof, but may 
have different outlet and inlet diameters. 

Herein, metals such as aluminum, copper-tung- 
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sten alloy and the like, and ceramics materials 
such as ALN, SiC and the like may be used as a 
material for cap 4. 

The heat sink 3 is made of a material of high 
heat conductivity such as Al, CuW, AIN, CBN, and 
diamond, etc. and includes an insertion portion and 
a heat dissipation portion. The insertion portion has 
a shape which allows to be easily inserted into the 
above mentioned opening 4a, for example, a rod 
shape. Since the heat dissipation portion is ex- 
posed to the outside of the cap 4 ( it has a large 
surface area to get easily cooled by natural cool- 
ing, for example, formed in a disc shape. For that 
reason, the insertion of the heat sink into the inte- 
rior of the cap 4, is simple and the contact to the 
upper surface of the semiconductor chip 6 is easy, 
whereby the heat generated from the semiconduc- 
tor chip 6 can be dissipated outside the cap 4 
effectively. A metaJ film is coated on the surface of 
the one end of the heat sink inserted into the cap 
4, and a solder is coated on the surface thereof 
and between the semiconductor chip 6 and the tip 
portion of the heat sink 3 (refer to Fig. 2). 

The outer diameter of the heat sink basically 
varies depending on the heat generation region of 
the semiconductor chip module. For example, 
when a 10 mm x 10 mm IG chip is used and the 
heat generation region thereof extends over the 
whole upper surface thereof, it is desired to use a 
heat sink of 10 mm in diameter. However, when the 
heat generation region is restricted to a part, it is 
sufficient to use such a heat sink being enough to 
cover such a region. The hole diameter of cap 4 is 
preferably ca. 0.05 mm larger than the outer diam- 
eter of the heat sink when the material to be used 
is a metal, or ca. 0.1 mm larger than the outer 
diameter of the heat sink when the material to be 
used is ceramics. 

Next, referring to Figs. 3 and 4, an explanation 
will be made as for a first embodiment of a heat 
sink mounting structure. Fig. 3A shows a structure 
where a metal is coated on the inner wall of an 
opening while a metal is coated on the surface of 
one end of a heat sink inserted into the opening. 
The metal "m" which is coated on the heat sink 3 
and the cap 4 has a wettable property with respect 
to the solder to be used. Therefore, a void-less 
(bubble-less) soldering can be performed, whereby 
the cap 4 can be hermetically sealed reliably. For 
example, in the case where Sb/Pb series solder is 
used, a metal such as AgSn, AgPd, or the like may 
be used. The embedding of the solder "s" into the 
gap between the semiconductor chip 6 and the tip 
portion of the heat sink 3 can be achieved by 
flowing the liquid solder "s" between the heat sink 
3 and the inner wall of the opening 4a. A low 
temperature soldering material added with Bi, Cd, 
and In may be used as the solder w s". In this case, 



the heat sink 3 may be pre-heated to ease the run 
of the solder "s". 

When the materials of heat sink 3 and cap 4 
have sufficient wettability, the above mentioned 
5 metal coating is not necessary (see Fig. 3B). 

In this case, the gap between heat sink 3 and 
cap 4 is filled with solder "s". The solder "s" flows 
along heat sink 3, and a conical solder part is 
formed on semiconductor chip 6. Therefore, the 
ro heat from semiconductor chip 6, which is not in 
direct contact with heat sink 3, is conducted 
through solder "s" to heat sink 3. 

Next, an explanation will be made regarding 
the method of manufacturing a multi-chip module, 
75 according to the present embodiment. The multi- 
chip module having the mounting structure shown 
in Fig. 3 A is packaged, after preparing the sub- 
strate 2 mounting the semiconductor chips 5 and 6, 
the cap 4 wherein a metal "m w is coated previously 
20 on the inner wall of the opening 4a, and the heat 
sink 3 wherein a metal "m" is coated previously on 
one end; for example, by way of the steps of: (1) 
enclosing the upper surface of the upper substrate 

2 fixed on the lower substrate 1 with the cap 4 
25 (See Fig. 2); (2) inserting one end of the heat sink 

3 into the opening 4a of the cap 4 and then 
contacting the tip end thereof to the upper surface 
of the semiconductor chip 6 (See Fig. 1); and (3) 
fixing the heat sink 3 on the cap 4 by injecting a 

30 large amount of liquid solder "s" into the gap 
between the inner wall of the opening 4a of the cap 

4 and the heat sink 3, while the heat sink 3 is 
contacted to the semiconductor chip 6, to fix the 
heat sink 3 to the cap 4, whereby the cap 4 is 

35 sealed hermetically. 

In this case, since the one end of the heat sink 
3 contacts naturally to the semiconductor chip 6 
due to its own weight, when the liquid solder "s" is 
injected, it is possible to fix simply the heat sink 3 

40 to the cap 4. 

Since the solder "s" is filled closely between 
the heat sink 3 and the inner wall of the cap 4a, the 
cap 4 can be sealed hermetically. In particular, 
when the thin film multi- layered substrate such as 

45 polyimide/Cu is used as the upper substrate, the 
hermetical sealing becomes more important be- 
cause of the moisture absorption property of the 
polyimide. 

Furthermore, since a metal "m" is coated on 
so the tip portion of the heat sink 3, the solder "s" is 
filled in the gap between the tip portion of the heat 
sink 3 and the semiconductor chip 6 by its own 
weight of the solder H s". As a result, the contact 
area of the semiconductor chip 6 to the heat sink 3 
55 increases, whereby reduction of the thermal resis- 
tance can be realized. 

Next, an example of the mounting structure of 
the heat sink according to the second embodiment 



09/17/2003, EAST Version: 1.04.0000 



9 



EP 0 522 563 A2 



10 



is explained with reference to Figs. 4A and 4B. 

Fig. 4A indicates a structure where a thermal 
compound is filled between the semiconductor chip 
and the tip portion of the heat sink. In this case, a 
metal "m" is formed on the inner wall of the 
opening 4a of the cap 4 and on the surface of the 
heat sink 3 facing the inner wall. At the tip of the 
heat sink 3, a thermal compound T containing BN 
particles or Ag paste is filled between the tip por- 
tion of the heat sink 3 and the semiconductor chip 
6. For that reason, the effective contact area be- 
tween the semiconductor chip 6 and the heat sink 
3 increases, thus resulting in the reduction of the 
thermal resistance. 

The heat sink 3 is fixed on the cap 4 using a 
solidified solder n s", while one end thereof is con- 
tacted on the semiconductor chip 6. Since the 
above mentioned materials and heating method 
may be employed for the solder "s", a further 
explanation is omitted. 

As mentioned above, since the multi-chip mod- 
ule according to the present embodiment mounts a 
heat sink only to a semiconductor chip requiring 
heat dissipation (generating a large amount of 
heat), the heat dissipation for a multi-chip module 
can be performed selectively and efficiently. 

In this case, a single heat sink is mounted with 
respect to a single semiconductor chip and one 
end of the heat sink can be adjusted structurally in 
length in the inserted direction. Therefore, even if 
plural semiconductor chips each having a different 
height with respect to the substrate surface are 
mounted on a substrate, heat sinks can be moun- 
ted reliably to respective semiconductor chips. 

Furthermore, since heat sinks are mounted 
separately to individual semiconductor chip, the 
present invention can be applied for a multi-chip 
module which includes semiconductor chips each 
mounted using face-down method and wire bond- 
ing method, whereby the practical value is high. 

Next, a method of manufacturing the murti-chip 
module stated above is explained. 

The multi-chip module having the mounting 
structure shown in Fig. 4A is packaged, after pre- 
paring the substrate 2 mounting the semiconductor 
chips 5 and 6 thereon, the cap 4 wherein a metal 
"m" is coated previously on the inner wall of the 
opening 4a, and the heat sink 3 wherein a metal 
n nrT is coated previously on one end; for example, 
by way of the steps of: (1) enclosing the upper 
surface of the upper substrate 2 fixed on the lower 
substrate 1 with the cap 4; (2) dropping down a 
thermal compound "t" through the opening 4a of 
the cap 4 to coat the upper surface of the semicon- 
ductor chip 6; (3) inserting the one end of the heat 
sink 3 into the opening 4a of the cap 4 and then 
contacting the one end of the heat sink 3 on the 
upper surface of the semiconductor chip 6; and (4) 



filling a large amount of liquid solder "s" into the 
gap between the inner wall of the opening 4a of the 
cap 4 and the heat sink 3, while the heat sink 3 is 
contacted to the semiconductor chip 6, to fix the 
5 heat sink 3 to the cap 4, whereby the cap 4 is 
sealed hermetically. 

In this case, an increased contact area between 
the semiconductor chip 6 and the heat sink 3 and a 
decreased thermal resistance can be obtained with- 

70 out performing a metat coating on the tip portion of 
the heat sink 3 and a multi-chip module with ex- 
cellent thermal dissipation can be manufactured. 

The present invention should not be restricted 
to the above embodiment. In the present embodi- 

75 ment, a semiconductor chip module which includes 
not only a semiconductor chip packaged using wire 
bonding method, but also a multi-chip module 
mounted with a heat sink to the semiconductor 
chip packaged using a face-down process has 

20 been explained as one example. However, the 
present invention also is applicable for a semicon- 
ductor chip module mounted with a single semi- 
conductor chip and may include flipped chips with- 
out being mounted with a heat sink. Furthermore, 

25 the opening of the cap should not be limited to be 
circular. The shape may be rectangular or poly- 
gonal, if it is nearly similar to that of one end of the 
heat sink. Without being limited to the thermal 
compound, any resin material may be used if it has 

30 a thermal conductivity higher than that of the ma- 
terial forming the cap or semiconductor chip and to 
certain extent heat-resistance and liquidity. 

As the present invention has the above de- 
scribed structure, it can be applied to multi-chip 

35 modules and single-chip modules. The present in- 
vention also can provide a semiconductor chip 
module which is formed of a small number of 
components and capable to be designed with ex- 
cellent thermal dissipation. 

40 Furthermore, the multi-chip module embodying 

the present invention can tolerate variations in 
height caused by the face-down bonding process, 
thus improving reliability. The small number of 
components for a semiconductor chip module en- 

45 ables to reduce the number of manufacturing steps 
as well as the cost of the semiconductor chip 
module. 

Next, referring to Figs. 5A to 9B, an explana- 
tion will be made as for an example of a heat sink 
so mounting structure according to the third embodi- 
ment. 

A groove "g" which has a cross-section in a 
concave form and looped in a rectangular form in 
the upper surface of a mounted semiconductor 
55 chip 6, is formed so as to surround the area "c" 
where the heat sink 3 contacts the semiconductor 
chip 6. The groove "g" is formed by 1) coating a 
photo-resist material, for example, through a spin- 
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coating process, 2) forming a photo-resist pattern 
having an opening at a groove forming portion 
using photo-fithographic technique, performing an 
isotropic etching through chemical etching with the 
obtained photo-resist pattern as a mask, and 4) 
removing the photo-resist pattern later. In the case 
where the semiconductor chip 6 is formed of Si, a 
hydrazine and an ethyienediamine may be used as 
an etchant. In the case where the semiconductor 
chip 6 is formed of GaAs, H3PO4 may be used as 
an etchant. Generally, the upper surface of the 
semiconductor chip 6 is frequently metallized, the 
metallized portion may be etched after using a 
patterning process. 

A metal "m" is coated on the inner wall of the 
opening 4a in a cap. A metal "m" also is coated on 
the surface of one end of the heat sink 3 inserted 
into the opening 4a. Since the metal "m" coated on 
the heat sink 3 and the cap 4 has a wettable 
property with respect to a solder "s", a void-less 
soldering can be performed, whereby the cap 4 
can be sealed hermetically. For example, when 
using Sb/Pb solder, it is desirable to use a metal 
such as AgSn, AgPd, and the like. 

The embedding of the solder w s" between the 
semiconductor chip 6 and the tip portion of the 
heat sink 3 is achieved by pouring the liquid solder 
"s" between the heat sink 3 and the inner wall of 
the opening 4a. A low temperature solder added 
with Bi, Cd, In may be used as the solder "s n . In 
this case, the heat sink 3 may be pre-heated to 
ease the run of the solder "s". 

Here, what is important is that a closed groove 
"g" in a rectangular shape is formed around the 
area "c" on the semiconductor chip 6 which con- 
tacts the tip portion of the heat sink 3. For that 
reason, when a large amount of liquid solder "s" is 
injected into the opening 4a, the excessive solder 
"s" flows into the groove "g", thus being prevented 
from dropping onto the substrate 2. Since no short- 
circuit of the wiring on the substrate 2 is caused by 
the overflowed excessive solder, the multi-chip 
module can be improved in its yield and reliability. 

When the materials of heat sink 3 and cap 4 
have sufficient wettability, the above mentioned 
metal coating is not necessary (see Rg. 6A and 
Rg. 6B). Moreover, the groove shape is not limited 
to a rectangular one; a circular one may also be 
accepted (see Fig. 7A and Fig. 7B). Furthermore, 
the edge of the rectangular may be extended to 
from an opening on the side surface of semicon- 
ductor chip 6 (see Rg. 8A and Fig. 8B). 

Rg. 8 indicates a mounting structure of a heat 
sink and a semiconductor chip on which a pair of 
parallel grooves is formed on the upper surface of 
the semiconductor chip and which mutually cross 
each other to reach the edge thereof. 

The groove "g" is formed by grinding with a 



diamond blade. Therefore, the processing can be 
performed at convenient time in the manufacturing 
steps and provides a large degree of freedom. 
When the material of the semiconductor chip 6 is 

5 Si, it is desirable to use a blade with an abrasive 
grain of about #2000. In case of GaAs, it is desir- 
able to use a blade with an abrasive grain of about 
#4000 since GaAs is more fragile than Si. If the 
concave of groove "g" has a width of 50 urn and a 

to depth of 30 urn, short-circuit failure can be pre- 
vented effectively. Since the structures of the heat 
sink 3 and the cap 4 is basically the same as the 
above mentioned structure, the explanation is omit- 
ted. 

15 As described above, when the materials of heat 
sink 3 and cap 4 have sufficient wettability, the 
above mentioned metal coating is not necessary 
(see Rg. 9A and Fig. 9B). 

According to the multi-chip module of the 

20 present embodiment, since a heat sink is mounted 
only on a semiconductor chip requiring heat dis- 
sipation (producing a large amount of heat), it is 
possible to perform effectively and selectively the 
heat dissipation for a multi-chip module. 

25 In this case, a single heat sink is mounted on a 
single semiconductor chip and one end of the heat 
sink can be adjusted structurally in length in the 
inserted direction. Therefore, even if plural semi- 
conductor chips which are different in height with 

30 respect to the substrate surface are mounted on a 
substrate, the heat sink can be mounted reliably on 
individual semiconductor chip. 

Furthermore, since heat sink is mounted in- 
dividually to each of the semiconductor chips, the 

35 present invention can be applied for a multi-chip 
module which includes semiconductor chips moun- 
ted with face-down method and wire bonding meth- 
od, thus providing higher practical value. 

Next, an explanation will be made regarding 

40 the method of manufacturing a multi-chip module, 
according to the present embodiment. The multi- 
chip module having the mounting structure shown 
in Figs. 5A, 5B, 8A and 8B is packaged, after 
preparing the substrate 2 mounting the above men- 

45 tioned semiconductor chips 5 and 6, the cap 4 
wherein a metal "m" is coated previously on the 
inner wall of the opening 4a, and the heat sink 3 
wherein a metal "m" is coated previously on the 
one end; for example, by way of the steps of: (1) 

50 enclosing the upper surface of the upper substrate 
2 fixed on the lower substrate 1 with the cap 4; (2) 
inserting the one end of the heat sink 3 into the 
opening 4a of the cap 4 to contact the tip portion of 
the heat sink 3 to the upper surface of the semi- 

55 conductor chip 6; and (3) fixing the heat sink 3 on 
the cap 4 by injecting a large amount of liquid 
solder "s" into the gap between the inner wall of 
the opening 4a of the cap 4 and the heat sink 3, 
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while the heat sink 3 is contacted to the semicon- 
ductor chip 6, to fix the heat sink 3 to the cap 4, 
whereby the cap 4 is sealed hermetically. 

In this case, since the one end of the heat sink 
3 contacts naturally the semiconductor chip 6 due 
to its own weight, it is possible to fix simply the 
heat sink 3 to the cap 4 when the solder is in- 
jected. 

Since the solder "s" is filled closely between 
the heat sink 3 and the inner wall of the cap 4a, the 
cap 4 can be sealed hermetically. In particular, 
when the thin film multi-layered substrate such as 
polyimide/Cu is used as the upper substrate 2, the 
hermetical sealing becomes more important be- 
cause of the moisture absorption property of the 
polyimide. 

Furthermore, since a metal is coated on the tip 
portion of the heat sink 3, the solder "s" is filled in 
the gap between the tip portion of the heat sink 3 
and the semiconductor chip 6 by its own weight. 
As a result, the contact area of the semiconductor 
chip 6 to the heat sink 3 increases, whereby the 
thermal resistance can be reduced. 

The present invention should not be restricted 
to the above embodiment. In the present embodi- 
ment, although a multi-chip module containing a 
semiconductor chip mounted using face-down 
method and a semiconductor chip mounted using 
wire bonding method, and having a heat sink pro- 
vided on the semiconductor chip mounted using 
face-down method has been explained as one ex- 
ample, however, the present invention also is ap- 
plicable for a semiconductor chip module mounting 
a single semiconductor chip and may include 
flipped chips without being mounted with a heat 
sink. Furthermore, the opening may be rectangular 
or polygonal, if its shape is nearly similar to that of 
one end of the heat sink, without being limited to a 
circular form. 

In the present embodiment, a groove having a 
concave cross-section and looped in a rectangular 
form has been shown as an example, but the 
cross-sectional shape should not be limited to 
those mentioned above. The cross-section may be 
a V-shaped or a trapezoid form. The loop may be 
circular, polygonal, or elliptic. The present invention 
having the above described structure can be ap- 
plied to multi-chip modules and single-chip mod- 
ules. The present invention also can provide a 
semiconductor chip module which is formed of a 
small number of components and can be designed 
with excellent thermal dissipation. 

Furthermore, the multi-chip module embodying 
the present invention can tolerate variations in 
height caused by the face-down bonding process, 
which improves reliability. The small number of 
components for a semiconductor chip module en- 
ables to reduce the number of manufacturing steps 



as well as the cost of the semiconductor chip 
module. 

Next, with reference to Figs. 10A to 11B, ex- 
planation will be made for an example of a heat 
5 sink mounting structure according to the fourth 
embodiment. Fig. 10 shows a mounting structure of 
the semiconductor chip mounted on the upper sub- 
strate on which the insulating film is formed and 
the heat sink. The Fig. 10A and 11 A are vertical 

w cross-sectional view obtained by cutting along the 
insertion direction of the heat sink, and Figs. 10B 
and 11B are plan view of the semiconductor chip 
cut aiong the line A-A' in the same figure (a). The 
insulating film 9 is arranged in a rectangular shape 

15 along the peripheral portion of the semiconductor 
chip 6. The material of the insulating film 9 can be 
formed with a polyimide material, Si02 when the 
upper substrate 2 is formed with copper polyimide, 
and a film thickness thereof is desirably not less 

20 than about 3 urn when a film thickness of the 
copper polyimide for forming the upper substrate 2 
is thin. The film thickness not less than about 3 urn 
can prevent generation or expansion of a pin hole 
due to heat of solder to cause short circuit of 

25 wiring. 

In addition, the metal "m H is coated on the 
inner wall of the opening 4a of the cap, and the 
metal "m n is also coated on the surface of one end 
portion of the heat sink 3 to be inserted into this 

30 opening 4a. The metal "m", which is coated on the 
heat sink 3 and the cap 4, has a wettable property 
with respect to the solder n s", so that it becomes 
possible to perform solder connection without void 
(bubble), and the cap 4 can be sufficiently sealed 

35 in an air-tight manner. For example, when a solder 
of Sb/Pb is used, it is preferable to use metal such 
as AgSn, AgPd or the like. 

Incidentally, filling of the solder "s" between 
the semiconductor chip 6 and the tip portion of the 

40 heat sink 3 can be achieved by pouring the solder 
"s" in a liquid state from a gap between the heat 
sink 3 and the inner wall of the opening 4a. As a 
material of the solder "s", a low temperature solder 
in which Bi, Cd and In are added can be used. In 

45 this case, the heat sink 3 may be heated so as to 
allow the solder "s" to flow easily. 

As mentioned above, according to the multi- 
chip module of the present embodiment, the heat 
sink is mounted only to the semiconductor chip 

so which requires heat dissipation (having a large 
amount of exothermic heat), so that the heat dis- 
sipation of the mufti-chip module becomes possible 
selectively and efficiently. 

In this case, since a single heat sink is moun- 

55 ted to a single semiconductor chip and one end 
portion of the heat sink can be adjusted structurally 
in length in the inserted direction, the heat sink is 
mounted reliably to the individual semiconductor 
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chip even when the substrate is packaged with a 
plurality of semiconductor chips which are different 
in height with respect to the substrate surface. 

Furthermore, since the heat sink is individually 
mounted to each of the semiconductor chips, ap- 
plication is possible to a multi-chip module which 
includes semiconductor chips mounted using the 
face-down method and semiconductor chips moun- 
ted using the wire bonding method in a mixed 
manner, which enhances its utility. 

As described above, when the materials of heat 
sink 3 and cap 4 have sufficient wettability, the 
above mentioned metal coating is not necessary 
(see Fig. 11A and Fig. 11B). 

Next, a method of manufacturing the multi-chip 
module according to the present embodiment will 
be explained. The multi-chip module having a 
mounting structure shown in Figs. 10A and 10B is 
packaged, after preparing the substrate 2 on which 
the semiconductor chips 5 and 6 are mounted and 
the insulating film 9 is formed, the cap 4 in which 
the metal "nrT is coated beforehand on the inner 
wall of the opening 4a, and the heat sink 3 in which 
the metai "m" is coated beforehand on one end 
portion, for example, by way of the steps of (1) 
enclosing with the cap 4 the upper surface of the 
upper substrate 2 fixed on the lower substrate 1, 
(2) inserting one end of the heat sink 3 into the 
opening of the cap 4 and allowing its one end to 
contact with the upper surface of the semiconduc- 
tor chip 6, and (3) pouring a large amount of liquid 
state solder "s" into the gap between the inner wall 
of the opening 4a of the cap 4 and the heat sink 3 
in a state in which the heat sink 3 contacts with the 
semiconductor chip 6 and thereby adhering the 
solder "s" to one end portion of the heat sink 3 so 
as to arrive at the semiconductor chip 6, fixing the 
heat sink 3 to the cap 4 and hermetically sealing 
the cap 4. 

In this case, when the liquid state solder w s" is 
poured, one end portion of the heat sink 3 is in a 
state of automatically contacting with the semicon- 
ductor chip 6 owing to the self-weight of the heat 
sink 3, so that the heat sink 3 can be easily fixed to 
the cap 4. 

In addition, the liquid state solder "s" is filled 
between the heat sink 3 and the inner wall of the 
opening 4a of the cap without interstice, so that the 
cap 4 can be sealed hermetically. In particular, 
when a thin film multi-layered substrate such as 
polyimide/Cu or the like is used for the upper 
substrate 2, because polyimide itself has a mois- 
ture absorption property, the hermetica! sealing be- 
comes important. 

Further, the tip end portion of the heat sink 3 is 
also coated with the metai, so that the self-weight 
of the solder "s" renders the solder "s" to be filled 
in the gap between the forward end portion of the 



heat sink 3 and the semiconductor chip 6, and 
increase of the contacting area between the semi- 
conductor chip 6 and the heat sink 3 and reduction 
of the heat resistance can be realized. 

5 In this case, without applying the metal coating 

to the tip end portion of the heat sink 3, increase of 
the contacting area between the semiconductor 
chip 6 and the heat sink 3 and reduction of the 
heat resistance is realized and a multi-chip module 

io which is excellent in heat dissipation property can 
be manufactured. 

In addition, when the solder "s" is poured, the 
solder which falls from the upper surface of the 
semiconductor chip 6 due to an excess amount is 

75 received by the insulating film 9 on the upper 
substrate 2, so that no defective wiring occurs due 
to flowing into the wiring portion 8 of the upper 
substrate 2. 

Next, an example of the mounting structure of 

20 the heat sink in Example 5 according to the fifth 
embodiment is explained. This example shows the 
mounting structure in which the semiconductor 
chip of the third embodiment (see Fig. 8A and Fig. 
8B) and the upper substrate of the fourth embodi- 

25 ment (see Fig. 10A and 10B) are applied. 

Metal coating is provided on one end portion of 
heat sink 3 and on the circumferential portion of 
the hole of cap 4, and the gap between them is 
filled with solder "s". Moreover, on the circum- 

30 ferential portion of the upper surface of semicon- 
ductor chip 6, there is formed a groove "g" con- 
nected to the side surface thereof. Because of this, 
solder B s n flowing along heat sink 3 onto the upper 
surface of semiconductor chip 6 flows into the 

35 groove n g n before it reaches the side surface of 
semiconductor chip 6. Furthermore, since there is 
provided a recessed portion 9g formed by an in- 
sulating film 9 in the circumference of semiconduc- 
tor chip 6 on the surface of the upper substrate 2, 

40 the solder "s" flowing along groove "g" and falling 
therefrom can be received. 

Incidentally, the present invention is not limited 
to the above-mentioned embodiment. In the 
present embodiment, the multi-chip module, in 

45 which the semiconductor chips packaged using the 
wire bonding method and the semiconductor chips 
packaged using the face-down method are includ- 
ed and the heat sinks are mounted to the semicon- 
ductor chips packaged using the face-down meth- 

50 od, has been explained as one example, however, 
it is applicable to a semiconductor chip module 
which is mounted with a single semiconductor chip, 
and flip chips in which no heat sink is mounted 
may be included. Furthermore, the shape of the 

55 opening of the cap is not limited to the circular 
form, which may be rectangular or polygonal if it is 
a shape nearly similar to one end portion of the 
heat sink. 
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The present invention being constituted as de- 
scribed above, a semiconductor chip module ap- 
plicable to multi-chip module as well as single-chip 
module, with small number of components and 
excellent in heat dissipation property capable of 
good thermal dissipation design, can be provided. 

In addition, when the present invention is ap- 
plied to a multi-chip module, variations of height 
caused by face-down bonding can be tolerated, 
resulting in improvement in reliability. 

Further, the insulating film is formed on the 
substrate in the vicinity of the peripheral portion of 
the semiconductor chip, so that the defective wiring 
caused by pouring a large amount of adhesive 
material can be prevented. 

From the invention thus described, it will be 
obvious that the invention may be varied in many 
ways. Such variations are not to be regarded as a 
departure from the spirit and scope of the inven- 
tion, and all such modifications as would be ob- 
vious to one skilled in the art are intended to be 
included within the scope of the following claims. 

Claims 

1- A semiconductor chip module comprising: 

a first substrate on which a wiring portion 
is formed; 

a semiconductor chip mounting so as to 
face a circuit side down to the wiring portion; 

a heat sink with one end in contact with a 
side opposite to the circuit side of said semi- 
conductor chip; and 

a cap which has an opening for exposing 
the other end of said heat sink, said cap en- 
closing said semiconductor chip, 

characterized in that an adhesive material 
is embedded in the gap between the inner wall 
of the opening of said cap and said heat sink 
as well as in the gap between the tip portion of 
said heat sink and said semiconductor chip. 

2. A semiconductor chip module comprising: 

a first substrate on which a wiring portion 
is formed; 

a semiconductor chip mounted so as to 
face a circuit side down to the wiring portion; 

a heat sink with one end in contact with a 
side opposite to the circuit side of said semi- 
conductor chip; and 

a cap which has an opening for exposing 
the other end of said heat sink, said cap en- 
closing said semiconductor chip, 

characterized in that an adhesive material 
is embedded in the gap between the inner wall 
of the opening of said cap and said heat sink, 
and that a resin material having high heat 
conductivity is embedded in the gap between 



one end portion of said heat sink and said 
semiconductor chip. 

3. A semiconductor chip module comprising: 

5 a first substrate on which a wiring portion 

is formed; 

a semiconductor chip mounted so as to 
face a circuit side down to the wiring portion; 
a heat sink with one end in contact with a 
70 side opposite to the circuit side of said semi- 
conductor chip; and 

a cap which has an opening for exposing 
the other end of said heat sink, said cap en- 
closing said semiconductor chip, 
is characterized in that a groove surrounding 

the region which contacts said heat sink is 
formed on said semiconductor chip, and an 
adhesive material is embedded in the gap be- 
tween the inner wall of the opening of said cap 
20 and said heat sink. 

4. A semiconductor chip module comprising: 

a first substrate on which a wiring portion 
is formed; 

25 a semiconductor chip mounted so as to 

face a circuit side down to the wiring portion; 

a heat sink with one end contacting a side 
opposite to the circuit side of said semicon- 
ductor chip; and 

30 a cap which has an opening for exposing 

the other end of said heat sink, said cap en- 
closing said semiconductor chip, 

characterized in that said first substrate 
has an insulating film thereon formed in a 

35 predetermined region located in the vicinity of 

circumferential portion of said semiconductor 
chip, an adhesive material is embedded in the 
gap between the inner wall of the opening of 
said cap and said heat sink, as well as the gap 

40 between the tip portion of said heat sink and 

said semiconductor chip. 

5. A semiconductor chip module according to any 
one of claims 1 to 4, further comprising a 

45 second substrate provided with a mounting 

portion on which said first substrate is moun- 
ted and a fixing portion on which the circum- 
ferential portion of said cap is fixed, and en- 
closing said semiconductor chip together with 

so said cap. 

6. A semiconductor chip module according to 
claim 3 or 4, 

wherein a metal film is formed at least on 
55 the inner wall of said opening and on the 

surface of the heat sink to be inserted into the 
interior of said cap. 
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7. A semiconductor chip module according to 
claim 4, 

wherein a recessed portion for receiving 
the adhesive material flowing down from said 
semiconductor chip is formed on said insulat- 
ing film in the vicinity of the circumferential 
portion of said semiconductor chip. 

6. A semiconductor chip module according to 
claim 4, 

wherein a groove surrounding the region 
which said heat sink contacts is formed on 
said semiconductor chip. 

9. A semiconductor chip module according to 
claim 1 or 2, 

wherein a metal film is formed at least on 
the inner wall of said opening and on the 
surface of the heat sink facing said inner wall. 

10. A semiconductor chip module according to 
claim 5, wherein said resin is a thermal com- 
pound. 

11. A semiconductor chip module according to 
claim 3, 

wherein said groove reaches the edge por- 
tion of said semiconductor chip and an open- 
ing is formed on the side surface thereof. 

12. A method of manufacturing a semiconductor 
chip module according to claim 5, comprising 
the steps of: 

preparing a first substrate, a cap and a 
heat sink, said first substrate mounting said 
semiconductor chip thereon and being fixed on 
said second substrate; 

fixing and adhering said cap to said sec- 
ond substrate; 

inserting one end portion of said heat sink 
into the opening of said cap and contacting the 
one end of said heat sink to said semiconduc- 
tor chip; and 

embedding an adhesive material in the 
gap between the one end of said heat sink and 
said semiconductor chip by injecting the adhe- 
sive material into the gap between the inner 
wall of the opening of said cap and said heat 
sink with the one end of said heat sink con- 
tacted to said semiconductor chip, 

whereby said heat sink is fixed to said cap 
and said cap is hermetically sealed. 

13. A method of manufacturing a semiconductor 
chip module according to claim 5, comprising 
the steps of: 

preparing a first substrate, a cap and a 
heat sink, said first substrate mounting said 



semiconductor chip thereon and being fixed on 
said second substrate; 

fixing and adhering said cap to said sec- 
ond substrate; 

5 flowing a resin material having high heat 

conductivity from the opening of said cap to 
coat said semiconductor chip with said resin 
material; 

inserting the one end portion of said heat 
w sink into the opening of said cap to contact 

said one end portion of said heat sink to said 
resin material; and 

fixing said heat sink to said cap and seal- 
ing hermetically said cap by embedding an 
75 adhesive material in the gap between the inner 

wall of the opening of said cap and said heat 
sink with the one end of said heat sink con- 
tacted to said resin material. 

20 14. A method of manufacturing a semiconductor 
chip module according to claim 13, 

wherein a metal film is formed beforehand 
on the inner wall of said opening of said cap, a 
metal film is formed on the surface of said 

25 heat sink facing said inner wall, and said adhe- 

sive material is injected into the gap between 
said films. 

15. A method of manufacturing a semiconductor 
30 chip module according to claim 13, comprising 

the steps of: 

preparing a first substrate, a cap and a 
heat sink, said first substrate mounting said 
semiconductor chip thereon, said semiconduc- 

35 tor chip having said groove; 

fixing and adhering said cap to said sec- 
ond substrate; 

contacting one end portion of said heat 
sink to said semiconductor chip; and 

40 embedding an adhesive in the gap be- 

tween the inner wall of the opening of said cap 
and said heat sink with the one end of said 
heat sink contacted to said region surrounded 
by said groove, 

45 whereby said heat sink is fixed to said cap 

and said cap is hermetically sealed. 

16. A method of manufacturing a semiconductor 
chip module according to claim 12 or 15, 

50 wherein a metal film is formed beforehand 

on the inner wall of said opening of said cap, a 
metal film is formed beforehand on the one 
end of said heat sink and said adhesive ma- 
terial is injected into the gap between said 

55 metal films. 

17. A method of manufacturing producing a semi- 
conductor chip module according to claim 5, 
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comprising the steps of: 

preparing, a first substrate, a cap and a 
heat sink, said first substrate mounting said 
semiconductor chip thereon, being fixed on 
said second substrate, and having an insulat- 5 
ing film formed thereon in the circumferential 
portion of said semiconductor chip; 

fixing and adhering said cap to said sec- 
ond substrate; 

contacting one end of said heat sink to 10 
said semiconductor chip; and 

embedding an adhesive material in the 
gap between the inner wall of the opening of 
said cap and said heat sink with the one end of 
said heat sink contacted to said semiconductor 15 
chip, 

whereby said heat sink is fixed to said cap 
and said cap is hermetically sealed. 

18. A method of manufacturing a semiconductor 20 
chip module according to claim 17, 

wherein a metal film is formed beforehand 
on the inner wall of said opening of said cap, 
and on the one end of said heat sink, and said 
adhesive material is injected into the gap be- 25 
tween said films. 



19. A method for producing a semiconductor chip 
module according to claim 8, comprising the 
steps of: 30 

preparing, a substrate, a cap and a heat 
sink, said substrate mounting said semicon- 
ductor chip and having an insulating film 
formed thereon in the circumferential portion of 
said semiconductor chip; 35 

fixing and adhering said cap to said sub- 
strate; 

contacting one end of said heat sink to the 
region surrounded by the groove on said semi- 
conductor chip; and 40 

embedding an adhesive material in the 
gap between the inner wall of the opening of 
said cap and said heat sink with the one end of 
said heat sink contacted to said semiconductor 
chip, 45 

whereby said heat sink is fixed to said cap 
and said cap is hermetically sealed. 
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Fig. 7A 



Fig. 7B 
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Fig. 10B 
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Fig. 12A 



Fig. 12B 
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